The role of polymorphonuclear neutrophils (PMNs) in the development of the specific immune response against Chlamydophila abortus (Chlamydia psittaci serotype 1) infection was studied in a pregnant mouse model involving treatment with RB6-8C5 monoclonal antibody. PMN depletion significantly affected the immune response in the liver, in which the T-lymphocyte and F4/80 ؉ cell populations decreased, particularly the CD8 ؉ T-cell population. A Th1-like response, characterized by high levels of gamma interferon without detectable levels of interleukin 4 (IL-4) in serum, was observed in both depleted and nondepleted mice, although an increased production of IL-10 was detected in the depleted group. Our results suggest that PMNs play a very important role in the recruitment of other leukocyte populations to the inflammatory foci but have little influence in the polarization of the immune specific response toward a Th1-like response.
Chlamydophila abortus (Chlamydia psittaci serotype 1) is a gram-negative obligate intracellular bacterium (11) , highly pathogenic for pregnant small ruminants, infecting the placenta and causing abortion during the last third of gestation in ewes and goats (26) . The disease is serious because of the economic losses it may cause and the potential zoonotic risk for pregnant women (15) . Mouse models have been widely used to study the pathogenesis of chlamydial abortion, since the inoculation of pregnant mice with C. abortus causes lateterm abortions similar to those observed in cases of natural or experimentally induced abortion in small ruminants (4, 24) .
Polymorphonuclear neutrophils (PMNs) are the predominant cell type recruited into the inflammatory foci of the liver, spleen, and maternal-fetal junctions in the early stages of C. abortus infection (4). It has been reported previously that PMNs play an important role in host defense against Chlamydia trachomatis (1). Furthermore, PMNs are able to destroy chlamydiae in vitro via their phagocytic activity and the production and release of enzymes and reactive oxygen species (22) . It has been claimed that PMNs can also destroy parenchymal cells infected by intracellular pathogens such as Listeria monocytogenes (7) . Moreover, activated PMNs release several polypeptide mediators of inflammation and cytokines, such as tumor necrosis factor alpha (TNF-␣), gamma interferon (IFN-␥), interleukin 8 (IL-8), macrophage inflammatory protein 1␣ (MIP-1␣), and MIP-1␤ (6, 32) , which suggests that, once granulocytes have arrived at the inflammatory site, they can promote further recruitment of neutrophils, as well as the subsequent accumulation and activation of monocytes, macrophages, and lymphocytes. Finally, PMNs can modulate the specific immune response mediated by CD4 ϩ T cells, using their ability to produce IL-12, which encourages a Th1 response, or IL-10, which induces a Th2 response (23) . The Th1 immune response is necessary in the resolution of chlamydial infection (19) , although the relative importance of the T cells in this response depends on the species of the family Chlamydiaceae. In fact, CD4 ϩ T cells are the essential cell population involved in the resolution of C. trachomatis infection (18, 27) , while the CD8 ϩ T cells assume this preponderant role in C. abortus infection (5) .
In a previous study, we have shown that PMNs are an important component of the murine host defense against primary infection by C. abortus (3) . In mice which had been neutrophil depleted using the RB6-8C5 monoclonal antibody (MAb) treatment (29) , abortions were earlier, there was a much higher mortality rate, and the number of chlamydiae isolated from the spleen was greater than that in nondepleted mice. The placenta displayed widespread necrosis, and the liver had numerous chlamydial inclusions in the hepatocytes, while the beginning of focal hepatitis was noticeably delayed. The aim of the present study was to establish the role of PMNs in the development of the specific immune response against C. abortus infection in a pregnant mouse model. For this purpose, female Swiss OF1 mice (8 to 10 weeks old) purchased from Harlan U.K. Ltd. (Blackthorn, United Kingdom) were infected intraperitoneally at day 11 of gestation with 10 6 inclusionforming units of C. abortus strain AB7 (10) in 0.2 ml of 0.1 M sterile phosphate-buffered saline (PBS), pH 7.2. A group of these mice were treated at days 0, 3, and 5 postinfection (p.i.) with 0.5 mg of RB6-8C5 MAb (a gift from R. L. Coffman, DNAX Research Institute, Palo Alto, Calif.) as described previously (3). The control infected group received rat immunoglobulin G (IgG) (Sigma, Madrid, Spain) at the same dosage and time. A group of 10 infected mice served as abortion control group for both depleted and nondepleted mice to establish the percentage and time of the abortions. Ten unin-fected but depleted pregnant mice served as pregnancy control.
Five to ten mice of each infected group were killed at 3, 5, and 7 days p.i. After subsequent necropsy, samples from liver and placenta were processed for immunohistochemistry. The samples were snap-frozen in 2-methylbutane cooled in liquid nitrogen for the immunophenotypical characterization of leukocytes. Cryosections of 5 m were immunostained by the avidin-biotin-peroxidase complex technique using MAbs against mouse leukocyte antigens obtained from rats as primary antibody. The following MAbs were purchased from Caltag Laboratories (Burlingame, Calif.): anti-CD4 (clone CT-CD4), anti-CD8 (clone CT-CD8␣), antigranulocytes (clone RB6-8C5), and antimacrophages (clone F4/80). As secondary antibody, we used a biotinylated rabbit anti-rat IgG (mouse adsorbed) (Vector Laboratories, Burlingame, Calif.). After incubation with the avidin-biotin-peroxidase complex (Vector Laboratories), peroxidase activity was detected with diaminobenzidine tetrahydrochloride (Sigma) and slides were counterstained with hematoxylin. The incidence and location of CD4 ϩ and CD8
ϩ T cells in the diffuse cellular infiltrate were ascertained by counting the positive cells in 20 areas of 17,000 m 2 of liver and placenta (metrial gland, decidua basalis, and labyrinth) from each mouse. In the case of the focal infiltrate, the positive cells were counted in 20 foci. Since the morphology and staining pattern of F4/80 and RB6-8C5 MAbs meant that it was not possible to individually count the positive cells, their incidence was estimated as scarce, moderate, or abundant. In order to determine the presence of cytokines in response to chlamydial infection and to compare the IgG1 and IgG2a antibody levels, serum samples were collected from mice at the moment of sacrifice. The presence of IFN-␥, IL-4, and IL-10 was analyzed by commercial murine enzyme-linked immunosorbent assay kits (R & D Systems, Inc., Minneapolis, Minn.), as described in the manufacturer's instructions. Antibody levels of IgG1 and IgG2a were measured by an enzymelinked immunosorbent assay on 96-well plates using purified chlamydial elementary bodies as antigen; rat monoclonal antimouse IgG1 or anti-mouse IgG2a (Caltag Laboratories) was used as the secondary antibody, and finally, alkaline phosphatase-conjugated rabbit anti-rat IgG (Caltag Laboratories) was used. Values were obtained as corrected optical densities (OD). The corrected OD was obtained by subtraction of the mean of the OD of sera from uninfected control mice. All the experiments were repeated twice. Differences between depleted and nondepleted mice at the same day p.i. were analyzed by Student's t test.
All the animals in the depleted abortion control group aborted at 3 to 5 days p.i., while 100% of the mice in the nondepleted abortion control group aborted at 7 to 8 days p.i. Immunohistochemical analysis of the placenta of depleted mice showed scarce F4/80 ϩ cells and occasionally CD4 ϩ and CD8 ϩ T cells in the metrial gland (Ͻ1 cell per measured area) at day 3 p.i. The immunohistochemical analysis of the placenta of depleted mice at days 5 and 7 p.i. was not possible, since all the mice killed at these days had aborted. In the placenta of nondepleted mice, at day 3 p.i., the metrial gland and decidua basalis showed moderate leukocyte infiltration represented mainly by RB6-8C5 ϩ cells, scarce F4/80 ϩ cells, and occasionally CD4 ϩ and CD8 ϩ T cells. From day 5 p.i. onwards, there was a substantial increase of RB6-8C5 ϩ cells associated with necrosis foci in the metrial gland and decidua basalis, reaching the labyrinth; scarce F4/80 ϩ cells and very few CD4 ϩ and CD8 ϩ T cells (Ͻ1 cell per measured area) were observed. These findings support the hypothesis that the traffic of activated macrophages and T cells is abolished in the maternal placenta to allow the survival of fetal trophoblasts (20) and confirm that the inflammatory response against chlamydial infection in maternal placenta basically depends on PMNs. Uninfected depleted control mice had a normal gestation with a mean of 11.8 pups per litter.
Immunohistochemical analysis of the incidence and location in the liver of lymphocytes (Fig. 1) These results suggest that the lack of PMNs in our infection model led to a substantial decrease in the number of macrophages and T cells in the liver, this decrease being especially noticeable in the CD8 ϩ T-cell population. This lack of recruitment of macrophages and lymphocytes in similar mouse models involving RB6-8C5 MAb-induced depletion of PMNs has been described elsewhere in response to tumors (25) and in autoimmune diseases (17) . In a similar model in rats, the generation of CD8 ϩ effector T cells was also abolished (28) . The mechanism by which PMNs control the influx of other leukocyte populations may be related to the release of cytokines such as IL-8 and MIP-1␣ that are chemoattractants for PMNs, macrophages, and CD4 ϩ and CD8 ϩ T cells (2, 16) . In our study, the recruitment of macrophages and CD4 ϩ T cells was not suppressed but only delayed, probably because of factors that could act as chemoattractants for leukocytes, such as chlamydial endotoxin (14) and the production of proinflammatory cytokines by Chlamydia-infected epithelial cells (20) . These factors might partially compensate for the lack of PMNs. Although activated macrophages and CD4 ϩ and CD8 ϩ T cells are involved in a Th1 response, the lack of CD8 ϩ T cells is especially important in C. abortus infection, since this population has been demonstrated as essential in the resolution of infection (5) .
It has been reported that RB6-8C5 MAb shows cross-reactivity with the Ly-6C molecule, an antigenic component of some subpopulations of CD8 ϩ T cells (12) . To determine the effects of RB6-8C5 MAb treatments on the CD4 ϩ and CD8 ϩ cell populations in our mouse model, groups of five uninfected mice were injected with 0.5 mg of RB6-8C5 or an equivalent amount of rat IgG following the same granulocyte-depletion experimental design described previously (3). Twelve hours later or at day 3, 5, or 7, the mice were killed and the spleen was removed. (Table 1) , which were in accordance with those of Czuprynski et al. (8) , indicated that RB6-8C5 MAb treatments significantly reduced (P Ͻ 0.01) the percentage of RB6-8C5 ϩ cells in the spleen but had no effect on the percentage of CD4 ϩ T cells and only a moderate effect on the percentage of CD8 ϩ T cells. Furthermore, this effect was observed mainly at 5 days after treatment and not after 12 h when RB6-8C5 ϩ cells were already depleted. This decrease, therefore, was probably due not to a direct effect of the MAb itself but to the effects that PMN depletion had on the T-cell immune response.
To establish whether the change in the response to C. abortus observed for the liver reflected a generalized alteration of the specific immune response, the levels of IFN-␥, IL-4, and IL-10 in the serum of mice were determined. The levels of IFN-␥ were high both in depleted and in nondepleted mice (Fig. 3) , although at day 7 p.i. nondepleted mice showed lower levels than their depleted counterparts. The early production of IFN-␥ in C. abortus infection seems to be caused by NK cells rather than T cells, as has been reported recently for C. trachomatis infection (30) , although in our model of infection the production of this cytokine at day 7 p.i. could be due to the CD4 ϩ T cells that have already been recruited to the infection a All the groups had five mice. b Mice were injected with 0.5 mg of RB6-8C5 MAb or rat IgG. Twelve hours later, the mice were killed and the spleens were removed for flow cytometry analysis.
c Mice were treated as described above and killed at day 3. d Mice received a second treatment with 0.5 mg of RB6-8C5 MAb at day 3 and were killed at day 5 after the first treatment.
e Mice received a third treatment with 0.5 mg of RB6-8C5 MAb at day 5 and were killed at day 7 after the first treatment.
f Asterisks indicate significant differences (P Ͻ 0.01) in relation to the nontreated group. site. The IL-4 levels in serum were below the detection limit of the technique (2 pg/ml) both in depleted and in nondepleted mice. The levels of IL-10 in depleted mice were always significantly higher (P Ͻ 0.05) than in nondepleted groups (Fig. 3) .
There was no IFN-␥, IL-4, or IL-10 in the serum of uninfected control mice. According to our results, the establishment of a Th1 response is not PMN dependent. The increase in IL-10 levels in the serum of depleted mice could be related to a compensatory mechanism against the early increased TNF-␣ response caused by the uncontrolled multiplication of chlamydiae in the liver and which coincided with the increased rates of abortion and death observed previously in this model (3) . In fact, treatment with TNF-␣ induces the release of IL-10 in humans (31) , and IL-10-deficient mice infected with Toxoplasma gondii died through overproduction of TNF-␣ and IFN-␥ due to the lack of this negative feedback (13) . In addition, recent studies in our laboratory showed that CBA/J mice, highly susceptible to C. abortus infection, had high levels of TNF-␣ in serum after infection and subsequently a peak of IL-10, in contrast with resistant C57BL/6J mice in which no presence of TNF-␣ or IL-10 was observed (9) . This supports the hypothesis that IL-10 could have a regulatory role in C. abortus infection, as it tries to avoid an exacerbated inflammatory cytokine response. Results obtained with cytokine analysis were supported by the study of levels of IgG1 and IgG2a in the serum of mice sacrificed at day 7 p.i., since, although the antibody levels are still low at this day p.i., a clear predominance of OD values of IgG2a in both depleted (0.358 Ϯ 0.092) and nondepleted (0.320 Ϯ 0.070) mice over OD values of IgG1 (0.049 Ϯ 0.013 and 0.046 Ϯ 0.011 for depleted and nondepleted mice, respectively) was observed.
In conclusion, our results suggest that PMNs, besides constituting a first defense against chlamydial infection to prevent the uncontrolled multiplication of the pathogen, play a very important role in the recruitment of other leukocyte populations, affecting particularly CD8 ϩ T cells in the liver, although the establishment of the Th1 response is not dependent on PMNs.
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